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(54) Abstract Title 

Vehicle airbag 

(57) A vehicle occupant protection system is characterised by an airbag made from non-perforated film sheet 
with elastomeric material, preferably thermoplastic, such as polyurethane, arranged over at least part of the 
sheet as tear propagation arresting means. The elastomeric material may be arranged at specific locations 
such that those locations are thicker than the average thickness of the sheet, eg in a predetermined pattern of 
ribs 320 and circular rings 318. The specific locations may be chosen to take into account the stresses in the 
sheet. Alternatively the tear propagation arresting means may be a network of material strips, a net, a second 
sheet of film or a fabric layer. Also disclosed is a side impact airbag arrangement with the airbag 800 stored in 
a lateral housing 810 above the side windows of a vehicle, deployable downwardly to cover the side windows 
of the vehicle. 
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PLASTIC FILM AIRBAG 

5 RELATED APPLICATIONS 

This application is related to U.S. patent application Serial No. 08/247,763 filed 
May 23, 1994, entitled "Plastic Film Airbag", now U.S. Patent No. 5,505,485, Serial No. 
08/539,676 filed October 5, 1995, entitled "Airbag System With Self Shaping Airbag" 
Serial No. 08/571,247 filed December 12, 1995 entitled "An Efficient Airbag Module", and 
10 Serial No. 08/626,493 filed April 2, 1994 entitled "Plastic Film Airbag" , all of which are 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

15 The present invention relates to a vehicular airbag having a low mass and made 

substantially from thin plastic film which is designed to deploy in a collision involving the 
vehicle so that if it impacts the occupant of the vehicle wherever he/she is located, it will not 
cause significant injury to the occupant. In order to make a film airbag of sufficiently low 
mass so to not injure the occupant, it has been recognized that it must contain means to 

20 arrest the propagation of a tear so that a small hole or break in the film does not result in a 
catastrophic failure, i.e., cause the airbag to burst like a balloon or otherwise prevent the 
airbag from deploying properly. The particular method of arresting the propagation of a 
tear of this invention is to use a combination of an elastomeric film and reinforcement means 
which in certain embodiments may be the elastomeric material itself constructed in a 

25 variable thickness pattern, i.e., have thinner and thicker sections, or in a manner so that it 
has strategically placed thicker sections, i.e., relative to remaining portions of the material, 
in view of stress considerations during deployment. 
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Description of the Prior A «t 
A conventional driver side airbag (also referred to herein as a driver airbag) is made 
from pieces of either Nylon or polyester fabric which are joined together, e.g., by sewing. 
The airbag is usually coated on the inside with neoprene or silicone for the purposes of (i) 
5 capturing hot particles emitted by the inflator in order to prevent holes from being burned 
in the fabric, and (ii) sealing the airbag to minimize the leakage of an inflating gas through 
the fabric. These airbags are conventionally made by first cutting two approximately 
circular sections of a material having a coating on only one side and which will form a front 
panel and a back panel, and sewing them together with the coated side feeing out. The back 
10 panel is provided with a hole for attachment to an inflator. Fabric straps, called tethers, are 
then sewn to the front panel. Afterwards, the airbag is turned inside out by pulling the 
febric assembly through the inflator attachment hole placing the coated side on the inside. 
Assembly is completed by sewing the tethers to the back panel adjacent the inflator 
attachment hole. 

15 If a conventional driver airbag is inflated without the use of tethers, the airbag will 

usually take an approximately spherical shape. Such an inflated airbag would protrude 
significantly into the passenger compartment from the steering wheel and, in most cases, 
impact and injure the driver. To prevent this possible injury, the tethers are attached to the 
front and rear panels of the airbag to restrict the displacement of the front panel relative to 

20 the back panel. The result of the addition of such tethers is an airbag which has the shape of 
a flat ellipsoid with a ratio of the thickness of the airbag to its diameter of approximately .6. 
In the conventional airbag, the tethers are needed since the threads which make up the 
airbag febric are capable of moving slightly relative to each other. The airbag is elastic for 
stresses which are not aligned with the warp or woof of the febric. As a result, the febric 

25 would distort to form an approximate sphere in the absence of such tethers. 

Moreover, the above-mentioned method of manufacturing an airbag involves a great 
deal of sewing and thus is highly labor intensive and, as a result, a large percentage of all 
driver airbags are presently manufactured in low labor cost countries such as Mexico. 
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Many people are now being injured and some killed by interaction with the 
deploying airbag (See, e.g., "Warning: Too Much Safety May Be Hazardous", New York 
Times, Sunday, December 10, 1995, Section F, Page 8). One of the key advantages of the 
film airbag described in the current assignee's above-referenced patent applications is that, 
because of its much lower mass than conventional Nylon or polyester fabric airbags, the 
injury caused by this interaction with the deploying airbag is substantially reduced.' In 
accordance with the teachings of those patent applications mentioned above, the driver 
airbag system can be designed to permit significant interaction with the driver. In other 
words, the film airbag can be safely designed to intrude substantially further into the 
passenger compartment without fear of injuring the driver. Nevertheless, in some cases, as 
disclosed in patent application Serial No. 08/539,676, it may be desirable to combine the 
properties of a film airbag, which automatically attains the conventional driver airbag shape, 
with a fabric airbag. In such cases, interaction with the driver needs to be niinimized. 

Airbag systems today are designed so that ideally the airbag is fully inflated before 
the occupant moves into the space which is occupied by the airbag. However, most 
occupants are not positioned at the ideal location assumed by the airbag system designer, 
and also may not have the dimensions, e.g., size and weight, in the range considered for 
optimum airbag deployment by the airbag system designer. Many occupants sit very close 
to the airbags, or at least closer than expected by the airbag system designer, and as 
mentioned above, are injured by the airbag deployment. On the other hand, others sit far 
from the airbag, or at least farther away from the airbag than expected, and therefore must 
travel some distance, achieving a significant relative velocity, before receiving the benefit of 
the airbag. See for example "How People Sit in Cars: Implications For Driver and 
Passenger Safety in Frontal Collisions - The Case for Smart Restraints.", Cullen, E., et al 
AO" Annual Proceedings, Association For the Advancement of Automotive Medicine, pp. 



77-91. 



With conventionally mounted airbags such as those mounted in the steering wheel or 
instrument panel, severe out-of-position occupant situations, where the occupant is resting 
against the airbag when deployment begins, can probably only be handled using an occupant 
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position sensor, such as disclosed in the current assignee's copending patent application 
08/505,036 (corresponding to published WO 94/22693), which is incorporated herein by 
reference, which prevents an airbag from deploying if an occupant is more likely to be 
seriously injured by the airbag deployment than from the accident itself. In many less severe 
5 accidents, the occupant will still interact with the deploying airbag and sustain injuries 
ranging from the mild to the severe. In addition, as mentioned above, some occupants sit 
very far from the steering wheel or instrument panel and, with conventional airbags, a 
significant distance remains between the occupant and the inflated airbag. Such occupants 
can attain a significant kinetic energy relative to the airbag before impacting it, which must 
10 be absorbed by the airbag. This effect serves to both increase the design strength 
requirements of the airbag and increase the injury induced in the occupant by the airbag. 
For these reasons, it would be desirable to have an airbag system that adjusts to the location 
of the occupant and which is designed so that the impact of the airbag causes little or no 
injury to the occupant. 

15 It is conventional in the art that airbags contain orifices or vent holes for exhausting 

or venting the gas generated by the inflation means. Thus, typically within one second after 
the bag is inflated (and has provided its impact absorbing function), the gas has been 
completely exhausted from the bag through the vent holes. This imposes several limitations 
on the restraint system which encompasses the airbag system. Take for example the case 

20 where an occupant is wearing a seatbelt and has a marginal accident, such as hitting a small 
tree, which is sufficient to deploy the airbag, but where it is not really needed since the 
driver is being restrained by his seatbelt. If the driver has lost control of the car and is 
traveling at 30 MPH, for example, and has a secondary impact one second or about 50 feet 
later, this time with a large tree, the airbag will have become deflated and thus is not 

25 available to protect the occupant in this secondary life threatening impact. 

In other situations, the occupant might be involved in an accident which exceeds the 
design capability of the restraint system. These systems are typically designed to protect an 
average-size male occupant in a 30 MPH barrier impact. At higher velocities, the maximum 
chest deceleration experienced by the occupant can exceed 60 G's and become life 
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threatening. This is particularly a problem in smaller vehicles, where airbag systems 
typically only marginally meet the 60 G maximum requirement, or with larger or more frail 
occupants. 

There are many cases, particularly in marginal crashes, where existing crash sensors 
will cause the airbag to deploy late in the crash. This can also result in an "out-of-position 
occupant" for deployment of the airbag which can cause injuries and possibly death to the 
occupant. Other cases of out-of-position occupants are standing children or the forward 
motion of occupants during panic braking prior to impact especially when they are not 
wearing seatbelts. The deploying airbag in these situations can cause injury or death to the 
out-of-position occupant. Approximately fifty people have now been killed and countless 
more seriously injured by the deployment of the airbag due to being out-of-position. 

It is recognized in the art that the airbag must be available to protect an occupant for 
at least the first 100 - 200 rnilliseconds of the crash. Since the airbag contains large vents, 
the inflator must continue to supply gas to the airbag to replace the gas flowing out of these 
vents. As a result, inflators are usually designed to produce about twice as much gas than is 
needed to fill the airbag. This, of course, increases the cost of the airbag system as well as 
its size, weight and total amount of contaminants resulting from the gases which are 
exhausted into the automobile environment. 

This problem is compounded when the airbag becomes larger, which is now possible 
using the film materials of this invention, so as to impact with the occupant wherever he/she 
is sitting, without causing significant injury, as in the preferred implementation of the design 
of this invention. This then requires an even larger inflator which, in many cases, cannot be 

accommodated in conjunction with the steering wheel, if conventional inflator technology is 
utilized. 

Furthermore, there is a great deal of concern today for the safety of a child in a rear 
facing child seat when it is used in the front passenger seat of a passenger airbag equipped 
vehicle. Currently used passenger side airbags have sufficient force to cause significant 
injury to a child sitting in such a seat and parents are warned not to use child seats in the 
front seat of a vehicle having a passenger side airbag. Additionally, several automobile 
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companies are now experimenting with rear seat airbags in which case, the child seat 
problem would be compounded. 

Airbags made of plastic film are disclosed in the copending patent applications 
referenced above. Many films have the property that they are quite inelastic under typical 
5 stresses associated with an airbag deployment. If an airbag is made from a pair of joined 
flat circular sections of such films and inflated, instead of forming a spherical shape, it 
automatically forms the flat ellipsoidal shape required for driver airbags as disclosed in 
copending U.S. patent application Serial No. 08/539,676. This unexpected result vastly 
simplifies the manufacturing process for driver airbags since tethers are not required, i.e., 

10 the film airbag is made from two pieces of film connected only at their peripheral edges. 
Furthermore, since the airbag can be made by heat sealing two flat circular sections together 
at their peripheral edges without the need for tethers, the entire airbag can be made without 
sewing, reducing labor and production costs. In fact, the removal of the requirement for 
tethers permits the airbag to be made by a blow molding or similar process. Indeed, this 

1 5 greatly reduces the cost of manufacturing driver airbags. Thus, the use of film for making 
an airbag has many advantages which are not obvious. 

Films having this inelastic quality, that is films with a high modulus of elasticity and 
low elongation at failure, tend to propagate tears easily and thus when used alone are not 
suitable for airbags. This problem can be solved through the addition of reinforcement in 

20 conjunction with the inelastic films such as a net material as described in the above- 
referenced patent applications. Other more elastic films such as those made from the 
thermoplastic elastomers, on the other hand, have a low modulus of elasticity and large 
elongation at failure, sometimes 100%, 200% or even 400%, and naturally resist the 
propagation of tears. Such films, on the other hand, do not form the flat ellipsoidal shape 

25 desired for steering wheel mounted driver side airbags. As discussed in greater detail 
below, the combination of the two types of film through attachment using lamination, 
successive casting or coating, or through the use of adhesives applied in a pattern can 
produce a material having both the self shaping and the resistance to tear propagation 
properties. 
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In addition to the above-referenced patent applications, film material for use in 
makmg airbags is described in U.S. Patent No. 4,963,412 to Kokeguchi, which is 
incorporated herein by reference. The film airbag material described in the Kokeguchi 
patent ,s considerably different in concept from that disclosed in the above-referenced 
patent applications or the instant invention. The prime feature of the Kokeguchi patent is 
that the edge tear resistance, or notch tear resistance, of the airbag film material can be 
increased through the use of holes in the plastic films, i.e., the film is perforated Adding 
holes, however, reduces the tensile strength of the material by a factor of two or more due 
to the stress concentration effects of the hole. It also reduces the amount of available 
material to resist the stress. As such, it is noteworthy that the Kokeguchi steering wheel 
mounted airbag is only slightly thinner than the conventional driver side fabric airbag (320 
micrometers vs. the conventional 400 micrometers) and is likely to be as heavy or perhaps 
heavier than the conventional airbag. Also, Kokeguchi does not disclose any particular 
shapes of film airbags or even the airbag itself for that matter. Since his airbag has no 
significant weight advantage over conventional airbags, there is no teaching in Kokeguchi 
of perhaps the most important advantage of film airbags of the present invention, that is, in 
reducing injuries to occupants who interact with a deploying airbag. 

As will be discussed in detail below, the airbags constructed in accordance with the 
present teachings attain particular shapes based on the use of the inelastic properties of 
particular film materials and reduce tear propagation through a variety of novel methods 
including the use of elastic films. It is also noteworthy that Kokeguchi discloses that 
vacuum methods can be used to form the airbag into the desired shape and thus fails to 
realize that the properties of inelastic film results in the airbag automatically forming the 
correct shape upon deployment. Also noteworthy is that Kokeguchi states that polymeric 
films do not have sufficient edge tear resistance and thus fails to realize that films can be so 
formulated to have this property, particularly those made from the thermoplastic elastomers 
These limitations of the Kokeguchi patent results in a very thick airbag which although 
comprised of film layers no longer qualifies as a true film airbag as defined herein. A "film 
airbag" for the purposes herein is one wherein the film thickness is generally less than about 
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250 micrometers, and preferably even below about 100 micrometers, for use as a driver 
protection airbag. As the size of the airbag increases, the thickness must also increase in 
order to maintain an acceptable stress within the film. A film airbag so defined may also 
contain one or more sections which are thicker than about 250 micrometers and which are 
5 used primarily to reinforce the thinner film portion(s) of the airbag. A film airbag as defined 
herein may also include a layer or layers of inelastic material and a layer or layers of elastic 
material (i.e., thermoplastic elastomers). 

The neoprene or silicone coating on conventional driver airbags, as mentioned 
above, serves to trap hot particles which are emitted from some inflators, such as a 
10 conventional sodium azide inflator. A film airbag may be vulnerable to such particles, 
depending on its design, and as a result cleaner inflators that emit fewer particles are 
preferred over sodium azide inflators. It is noteworthy, however, that even if a hole is 
burned through the film by a hot particle, the use of an thermoplastic elastomer in the film 
material prevents this hole from propagating and causing the airbag to fail. Also, new 
15 inflators using the pyrotechnic, hybrid or stored gas technologies, are now available which 
do not produce hot particles and produce gases which are substantially cooler than gases 
produced by sodium azide inflators. Also, not all sodium azide inflators produce significant 
quantities of hot particles. 

One interesting point which also is not widely appreciated by those skilled in the art 
20 heretofore, is that the gas temperature from the inflator is only an issue in the choice of 
airbag materials during the initial stages of the inflation. The total thermal energy of the gas 
in an airbag is, to a first order approximation, independent of the gas temperature which can 
be shown by application of the ideal gas laws. When the gas initially impinges on the airbag 
material during the early stages of the inflation process, the temperature is important and, if 
25 it is high, care must be taken to protect the material from the gas. Also, the temperature of 
the gas in the airbag is important if the vent holes are located where the out-flowing gas can 
impinge on an occupant. The average temperature of the airbag itself, however, will not be 
affected significantly by the temperature of the gas in the airbag. 
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In certain conventional airbag deployments, the propellant which is used to inflate 
the airbag also is used to force open a hole in the vehicle trim, called the deployment door, 
permitting the airbag to deploy. Since the mass of a film airbag is substantially less than the 
mass of a conventional fabric airbag, much less energy is required to deploy the airbag in 
time. However, substantial pressure is still required to open the deployment door. Also, if 
the pressure now used to open the deployment door is used with film airbags, the airbag 
velocity once the door has been opened may be substantially higher than conventional 
airbags. This rapid deployment can put excessive stresses on the film airbag and increases 
the chance that the occupant will be injured thereby. For most implementations of the film 
airbag, an alternate less energetic method of opening the deployment door may be required. 

One such system is disclosed in Barnes et al. (U.S. Patent No. 5,390,950) entitled 
"Method and arrangement for forming an air bag deployment opening in an auto interior 
trim piece". This patent describes a method "...of forming an air bag deployment opening in 
an interior trim piece having a vinyl skin overlying a rigid substrate so as to be invisible 
prior to operation of the air bag system comprising an energy generating linear cutting 
element arranged in a door pattern beneath the skin acting to degrade or cut the skin when 
activated." 

The goal of the Barnes et al. patent is to create an invisible seam when the 
deployment door is located in a visible interior trim panel. This permits greater freedom for 
20 the vehicle interior designer to create the particular aesthetic effect -that he or she desires. 
The invisible seam of the Barnes et al. patent is thus created for aesthetic purposes with no 
thought toward any advantages it might have to reduce occupant injury or advantages for 
use with a film airbag, or to reduce injuries at all for that matter. One unexpected result of 
applying the teachings of this patent is that the pressure required to open the deployment 
door, resulting from the force of the inflating airbag, is substantially reduced. When used in 
conjunction with a film airbag, this result is important since the inflator can be designed to 
provide only sufficient energy to deploy and inflate the very light film airbag thereby 
significantly reducing the size of the inflator. The additional energy required to open a 
conventional deployment door, above that required to open a deployment door constructed 
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in accordance with the teachings of the Barnes et al. patent, is not required to be generated 
by the inflator. Furthermore, since a film airbag is more vulnerable to being injured by 
ragged edges on the deployment door than a conventional fabric airbag, the device of the 
Barnes et al. patent can be used to pyrotechnicaUy cut open the deployment door permitting 
5 it to be easily displaced from the path of the deploying airbag, minimizing the force of the 
airbag against the door and thus minimizing the risk of damage to the film airbag from the 
deployment door. Since Barnes et al. did not contemplate a film airbag, advantages of its 
use with the pyrotechnicaUy opening deployment door could not have been foreseen. 
Although the Barnes et al. patent discloses one deployment door opening method which is 
10 suitable for use with an airbag made from plastic film as disclosed herein, that is one which 
requires substantially less force or pressure to open than conventional deployment doors, 
other methods can be used in accordance with the invention without deviating from the 
scope and spirit thereof. 

A finite element analysis of conventional driver side airbags (made of fabric) shows 
15 that the distribution of stresses is highly unequal. Substantial improvements in conventional 
airbag designs can be made by redesigning the fabric panels so that the stresses are more 
equalized. Today, conventional airbags are designed based on the strength required to 
support the maximum stress regardless of where that stress occurs. The entire airbag must 
then be made of the same thickness material as that chosen to withstand maximum stress 
20 condition. Naturally, this is wasteful of material and attempts have been made to redesign 
the airbag to optimize its design in order to more closely equalize the stress distribution and 
permit a reduction in fabric strength and thus thickness and weight. However, this 
optimization process when used with conventional fabric airbags can lead to more 
complicated assembly and sewing operations and more expensive woven materials and thus 
25 higher overall manufacturing costs. An example of such an airbag is that marketed by 
Precision Fabrics of Greensboro, NC. Thus, there is a tradeoff between manufacturing cost 
and airbag optimization. 

As discussed in the above-referenced patent applications as well as below, with a 
film airbag manufactured using blow molding techniques, for example, greater freedom is 
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permitted to optimize the airbag vis-a-vis equalization of the stress. First, other than tooling 
cost, the manufacturing cost of an optimized airbag is no greater than for a non-optimized 
airbag. Furthermore, the thickness of the film can be varied from one part of the airbag to 
another to permit the airbag to be thicker where the stresses are greater and thinner where 
the stresses are less. A further advantage of blow molding is that the film can be made of a 
single constituent material. When the airbag is fabricated from sheet material, the outside 
layer of the material needs to be heat sealable, such as is the case with polyethylene or other 
polyolefin, or else a special adhesive layer is required where the sealing occurs. 

As discussed in greater detail below in connection with the description of the 
invention, when the film for the airbag is manufactured by casting or coating methods, 
techniques familiar to those skilled in the art of plastics manufacturing are also available to 
produce a film where the thickness varies from one part to another in a predetermined 
pattern. This permits a film to be made which incorporates thicker sections in the form of a 
lattice, for example, which are joined together with thin film. Thus, the film can be designed 
15 so that reinforcing ribs, for example, are placed at the optimum locations determined by 
mathematical stress analysis. 

One example of an inflatable film product which partially illustrates the self shaping 
technology of this invention is the common balloon made from metalized "Mylar"™ plastic 
film found in many stores. Frequently these balloons are filled with helium. They are made 
20 by heat sealing two flat pieces of film together as described in U. S. Patent Nos. 5, 1 88,558 
(Barton), 5,248,275 (McGrath), 5,279,873 (Oike), and 5,295,892 (Felton). Surprisingly, 
the shape of these balloons, which is circular in one plane and elliptical in the other two 
planes, is very nearly the shape which is desired for a driver side airbag. This shape is 
created when the pressure within the balloon is sufficiently low such that the stresses 
induced into the film are much smaller than the stresses needed to significantly stretch the 
film. The film used is relatively rigid and has difficulty adjusting to form a spherical shape. 
In contrast, the same airbag made from woven material more easily assumes an approximate 
spherical shape requiring the use of tethers to create the shape which comes naturally with 
the Mylar balloons. 
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One problem with film balloons is that when a hole is punctured in the balloon it 
fails catastrophically. One solution to this problem is to use the combination of a film and 
net as described in the current assignee's above-referenced patent applications. Such 
materials have been perfected for use as sail material for lightweight high performance sails 
5 for sailboats. One example is marketed under the trade name Bainbridge Sailcloth SL 
Series™, and in particular SL 500-P™, 1 .5 mill. This material is a laminate of a film and a 
net. Such materials are frequently designed to permit heat sealing thereby eliminating 
threads and the stress concentrations associated therewith. Heat sealing also simplifies the 
manufacturing process for making sails. Another preferable solution is to make the airbags 

10 from a film material which naturally resists tears, that is, one which is chemically formulated 
to arrest a tear which begins from a hole, for example. Examples of films which exhibit this 
property are those from the thermoplastic elastomer (TPE) families such as polyurethane, 
Ecdel elastomer from Eastmen, polyester elastomers such as HYTREL™ and some 
metallocene catalyzed polyolefins. For the purposes herein, a thermoplastic elastomer will 

1 5 include all plastic films which have a relatively low modulus of elasticity and high elongation 
at failure, including but not limited to those listed above. 

Applications for the self shaping airbag described herein include all airbags within 
the vehicle which would otherwise required tethers or complicated manufacturing from 
several separate panels. Most of these applications are more difficult to solve or unsolvable 

20 using conventional sewing technology. The invention described herein solves some of the 
above problems by using the inelastic properties of film, and others by using the elastic 
properties of thermoplastic elastomers plus innovative designs based on analysis including 
mathematical modeling plus experimentation. In this manner, the problems discussed 
above, as well as many others, are alleviated or solved by the airbags described in the 

25 paragraphs below. Films for airbags which exhibit both the self shaping property and also 
formulated to resist the propagation of a tear are made by combining a layer of high 
modulus material with a layer of a thermoplastic elastomer. Then if a tear begins in the 
combined film it will be prevented from propagating by the elastomer yet the airbag will 
take the proper shape due to the self shaping effect of the high modulus film. 
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Other relevant prior art includes the following, with a brief explanation of the 
pertinence of the reference to the present invention: 

US. Patent No. 3,51 1,519 (Martin) describes a large fabric airbag which is shown 
impacting the occupant. It does not discuss the problem of injury to the occupants due to 
the impact of the airbag. 

U.S. Patent No. 4,262,931 (Strasser) illustrates two airbags joined together to cover 
right and center seating positions. 

U.S. Patent No. 3,451,693 (Carey) describes plastic airbags but not plastic film 
airbags. The distinguishable properties of film are numerically described in the above 
referenced co-pending patent application (AH- 146) and basically are its thinness and lower 

weight. 

Japanese Patent No. 89-090412/12 describes fabricated cloths are laminated in 
layers at different angles to each other's warp axis to be integrated with each other. 
Strength and isotropy are improved. The cloth is stated as being useful for automotive air 
1 5 bags for protecting the passenger's body. 

U.S. Patent No. 5,322,326 (Ohm) describes a small limited protection airbag 
manufactured in Korea. Although not disclosed in the patent, it appears to use a plastic film 
airbag material made from polyurethane. It is a small airbag and does not meet the United 
States standards for occupant protection (FMVSS-208). The film has a uniform thickness 
and if scaled to the size necessary for.meeting U.S. Standards it would-likely-become of 
comparable thickness and weight as the current fabric airbags. 

OBJECTS ANT) RTT MMARV OF THE INVFNTIfW 

A principal object of this invention is to form an airbag from flat sheets of film or 
composite material, or by blow molding or a similar process in order to create an airbag for 
use to protect occupants in the event of a crash of the vehicle, which may be substantially 
larger than current airbags and which may be designed to interact with the occupant 
regardless of where he/she is positioned without causing significant injury and thereby to 
improve the protection provided by the airbag. One of the materials for the airbag is chosen 
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from the class of plastic materials known as thermoplastic elastomers which includes, 
among others, polyurethane, polyester elastomer and metallocene-catalyzed polyolefin. A 
plastic material is called an elastomer when its elongation prior to failure is large, sometimes 
as large as 100%, 200%, 400% or more. The driver airbag version uses the inelastic 
5 properties of a layer of the film material to cause the airbag to attain the desired shape 
without requiring the use of tethers. As a driver side airbag, for example, it can be 
substantially elliptical in two orthogonal planes and circular in a third orthogonal plane. If a 
composite material composed of film and a net, an inelastic film and an elastic film or film 
and a fabric, is used to form a hybrid design, the relatively inelastic properties of the film are 

10 used to create the desired flat elliptical shape, for example, while the net, elastic film or 
fabric is used to provide other desirable features including tear resistance. 

Other objects and advantages of this invention include: 
1. To provide an airbag which can be manufactured without the use of sewing or other 
manually intensive operations. 

IS 2. To provide an airbag which is considerably lighter and smaller, when folded in the 
inoperative condition, than current fabric airbags. 

3. To provide a driver airbag which does not require the use of tethers. 

4. To provide an airbag for use on the front passenger side of the vehicle which can be 
easily manufactured from a minimum number of parts without the use of sewing. 

20 5. To provide a substantially conventional driver fabric airbag which can be 
manufactured without the use of tethers. 

6. To provide an airbag which can be manufactured using a low cost blow molding or 
similar technology. 

7. To provide an airbag which has been optimized to substantially equalize the stresses 
25 in the material thereof. 

8. To provide an airbag where the material thickness is varied to reduce the stress in 
the high stress areas of the airbag. 

9. To provide an airbag where optimization procedures have been used to substantially 
eliminate folds and wrinkles in the surface of the inflated airbag. 
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10. To provide an airbag comprising film where the thickness to diameter ratio is less 
than .7 without the use of tethers and, in some cases, less than .6. 

1 1 . To provide a very low cost airbag, with respect to the fabrication thereof. 

12. To provide a method of manufacturing an airbag permitting any desired shape airbag 
5 to the manufactured from flat panels. 

13. To provide an airbag where at least one layer is made from a thermoplastic 
elastomer which is substantially lighter than conventional fabric airbags. 

14. To provide an airbag module which is substantially less injurious to out-of-position 
occupants during airbag deployment. 

10 15. To utilize thin film airbags in a manner which eliminates the catastrophic bursting of 
the film in the event of an inadvertent puncture. 

16. To provide a plastic film airbag where the thickness is varied in a desired pattern, 
e.g., a pattern of thicker reinforcement sections and spanning sections of thin film. 

1 7. To provide an airbag system which automatically adjusts to the presence of a child 
15 seat. 

18. To reduce the injury potential to an out-of-position occupant from the deploying 
airbag. 

It is also an underlying object of the invention to provide a new airbag module in 
which the disadvantages of prior art systems are overcome. Thus, one embodiment of the 
airbag module in accordance with the invention includes several features, namely: (i) an 
airbag made from plastic film, (ii) using a larger airbag which is designed to interact with the 
occupant without causing significant injury, (iii) using a material which has a relatively low 
elastic modulus, (iv) varying the thickness of the material in a pattern which provides a 
reinforcement structure which is bridged by sections of thin film of the same material as the 
reinforcements. Such an airbag system construction solves the problems with the prior art 
and offers substantially greater protection to the vehicle occupant in the event of a crash of 
the vehicle. In the prior art, it has not been suggested that an airbag should be designed to 
interact with the occupant regardless of his/her location within the front passenger 
compartment of the vehicle and that the injury which occurs during the deployment phase of 
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the airbag can be substantially reduced through this combination of features. Also, in the 
prior art , it has not been suggested that the material used for the airbag should have a 
thickness which varies substantially from one part of the airbag to another, i.e., a variable 
thickness pattern of the material. 
5 Other objects and advantages of the present invention will become apparent from 

the following description of the preferred embodiments taken in conjunction with the 
accompanying drawings. 

Briefly though, one embodiment of the inflatable occupant restraint module in 
accordance with the invention comprises a housing mounted in the vehicle and having an 

10 interior, a deployable airbag contained within the housing interior prior to deployment, 
inflation means coupled to the housing for inflating the airbag, e.g., gas supply means for 
supplying a gas into an interior of the airbag, attachment means for attaching the airbag to 
and in fluid communication with the inflation means, and initiation means for initiating the 
gas supply means to supply the gas into the airbag interior in response to a crash of the 

15 vehicle. In accordance with the invention, the airbag comprises at least one non-perforated 
sheet of film defining the airbag interior and tear propagation arresting means arranged in 
connection with the film sheet(s) for arresting the propagation of a tear therein. The tear 
propagation arresting means comprise a thermoplastic elastomeric material arranged at 
specific locations such that these locations are thicker in comparison to an average thickness 

20 of tHe~film sHeet(s) arid which are selected, e.g.rin view of considerations of stress on the 
film sheet(s) during deployment of the airbag. 

In one embodiment of the method for protecting an occupant in a crash by means of 
an inflatable restraint while reducing the possibility of inadequate protection, the method 
comprises the steps of arranging an inflatable airbag comprising at least one sheet of film in 

25 a housing, arranging in connection with the film sheet(s) a thermoplastic elastomeric 
material at specific locations such that these locations are thicker in comparison to an 
average thickness of the film sheet(s), selecting the locations at which the thermoplastic 
elastomeric material is arranged in connection with the film sheet(s) in view of 
considerations of stress on the film sheet(s) during deployment of the airbag, and initiating 
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gas supply means to supply the gas into an interior of the airbag in response to a crash of 
the vehicle. 

Another embodiment of the inflatable occupant restraint module comprises a 
housing mounted in the vehicle and having an interior, a deployable airbag contained within 
the housing interior prior to deployment, inflation means coupled to the housing for 
inflating the airbag, e.g., gas supply means for supplying a gas into an interior of the airbag 
defined between the first and second sheets, attachment means for attaching the airbag to 
and in fluid communication with the inflation means, and initiation means for initiating the 
gas supply means to supply the gas into the interior of the airbag in response to a crash of 
the vehicle. The airbag comprises first and second attached material sheets, each 
comprising at least one layer of non-perforated inelastic film substantially coextensive 
therewith and thermoplastic elastomeric material arranged in connection with the layers) of 
inelastic film and extending over at least a portion of the sheet. The thermoplastic 
elastomer constitutes tear propagation arresting means for arresting the propagation of a 
1 5 tear in the layer(s) of inelastic film. 

A similar method in accordance with the invention for protecting an occupant in a 
crash by means of an inflatable restraint while reducing the possibility of inadequate 
protection comprises the steps of arranging an inflatable airbag comprising first and second 
attached material sheets in a housing, each comprising at least one layer of non-perforated 
inelastic film substantially coextensive with the sheet, incorporating an elastic material into 
at least a portion of the first and second sheets, the elastic material being connected to the 
layers) of inelastic film and arresting the propagation of a tear in the layers) of inelastic 
film, and initiating gas supply means to supply the gas into an interior of the airbag defined 
between the first and second material sheets in response to a crash of the vehicle. 

In yet another basic embodiment of the invention, the vehicle has a ceiling extending 
across a passenger compartment above windows of the vehicle and the inflatable occupant 
restraint module comprises a housing mounted in the vehicle on a side of the ceiling along a 
lateral side of the vehicle, a deployable airbag contained within the interior of the housing 
prior to deployment, the airbag being mounted entirely above the windows of the vehicle 
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and structured and arranged to deploy in a downward direction from the ceiling and 
extending at least substantially along the entire side of the ceiling, inflation means coupled 
to the housing for inflating the airbag, e.g., gas supply means for supplying a gas into an 
interior of the airbag, attachment means for attaching the airbag to and in fluid 
5 communication with the inflation means, and initiation means for initiating the gas supply 
means to supply the gas into the interior of the airbag in response to a crash of the vehicle. 

In other embodiments, the inflatable occupant restraint device in an occupant 
protection system of a vehicle in accordance with the invention comprises a housing 
mounted in the vehicle and having an interior, at least one deployable airbag contained 

10 within the housing interior prior to deployment, inflation means coupled to the housing for 
inflating the airbag, the inflation means comprising gas generation means for generating a 
gas adapted to flow into an interior of the airbag, attachment means for attaching the airbag 
to and in fluid communication with the inflation means and initiation means for initiating the 
gas generation means to generate the gas in response to a crash of the vehicle. The airbag 

1 S comprises a first non-perforated sheet of film and a means arranged in connection with the 
first film sheet for arresting the propagation of a tear therein. The means is selected from 
the group consisting of (i) a net or network of at least bi-directional material strips in which 
case the strips may be formed by varying the thickness of the film material itself and (ii) a 
second non-perforated sheet of film having a significantly lower elastic modulus than the 

20 first sheet. The net or network is integral with the airbag during and after deployment 
thereof and is attached to the housing. The net or network may be contained within the 
housing interior prior to deployment and comprises an interlaced network of at least bi- 
directionally arranged material strips, or thicker sections of the film material, i.e., an 
interlaced or intercrossed network. In some other embodiments, where the self shaping 

25 property is not required, the entire airbag may be made from sheets of elastomeric plastic 
film wherein the thickness of the material is varied in a pattern. Alternately, the interlaced 
network of material strips or variations in material thickness can comprise a mesh of densely 
packed random fibers arranged in a multitude of directions or a mesh of densely packed 
crystalline polyamide fibers arranged in a multitude of directions. In still other 
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embodiments, the airbag comprises at least two pieces of substantially flat thermoplastic 
film having peripheral edges, at least one of which has varying thickness, a first one of the 
pieces of thermoplastic film having at least one port; first attachment means for attaching 
the pieces of thermoplastic film together only at the peripheral edges to form a substantially 
sealed airbag, inflating means for inflating the airbag by directing gas into an interior of the 
airbag through the port(s), coupling means for coupling the airbag to the inflating means; 
initiation means for initiating the inflation means in response to a crash of the vehicle to 
thereby cause deployment of the airbag, and second attachment means for attaching the 
inflating means to the vehicle. In this manner, upon inflation of the airbag by the inflating 
means, the pieces of elastic plastic film deform substantially. 

With respect to specific parts of the vehicle to which the airbag may be attached, 
suitable parts include the steering wheel of the vehicle, the headliner of the vehicle and an 
instrument panel of the vehicle. The airbag when deployed from the headliner preferably 
extends substantially across a major portion of the front seat of the vehicle if not the entire 
front seat. Alternately, it may extend along the side of the vehicle interior so as to protect 
the occupants of both the front and rear seat from injury and additionally offer substantia] 
protection by preventing occupants from being ejected from the vehicle even though the 
windows have broken. 

In other embodiments, the airbag includes means for preventing the propagation of 
a tear, such as (i) the incorporation of an elastomeric film material, a laminated fabric, or 
net, which are connected to each of the pieces of plastic film (e.g., the inelastic film which 
provides the desired shape upon deployment of the airbag?), or (ii) means incorporated into 
the formulation of the plastic film material itself. Also, the two pieces of film may be 
formed as one integral piece by a blow molding or similar thermal forming process. 
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BRIEF DES CRIPTION OF THE DRAWINGS 

The following drawings are illustrative of embodiments of the invention and are not 
meant to limit the scope of the invention as encompassed by the claims. 

Fig. 1 is a perspective view with portions cut away and removed of a film airbag 
5 wherein the film is comprised of at least two layers of material which have been joined 
together by a process such as co-extrusion or successive casting or coating. 

Fig. 1 A is an enlarged view of the inner film airbag layer and outer film airbag layer 
taken within circle 1A of Fig. 1. 

Fig. IB is an enlarged view of the material of the inner film airbag and outer film 
10 airbag taken within circle 1A of Fig. 1 but showing an alternate configuration where the 
outer airbag layer has been replaced by a net. 

Fig. 1 C is an enlarged view of the material of the inner film airbag layer and outer 
film airbag layer taken within circle 1 A of Fig. 1 but showing an alternate configuration 
where fibers of an elastomer are incorporated into an adhesive layer between the two film 
15 layers. 

Fig. ID is a perspective view with portions cut away of a vehicle showing the driver 
airbag of Fig. 1 mounted on the steering wheel and inflated. 

Fig. 2 is a partial cutaway perspective view of a driver side airbag made from plastic 

film. 

20 Fig. 3 A is a partial cutaway perspective view of an inflated driver side airbag made 

from plastic film and a fabric to produce a hybrid airbag. 

Fig. 3B is a partial cutaway perspective view of an inflated driver side airbag made 
from plastic film and a net to produce a hybrid airbag. 

Fig. 3C is a partial cutaway perspective view of an inflated driver side airbag made 
25 from plastic film having a variable thickness reinforcement in a polar symmetric pattern 
with the pattern on the inside of the airbag leaving a smooth exterior. 

Fig. 3D is an enlarged cross sectional view of the material of the film airbag taken at 
3D-3D of Fig. 3C showing the thickness variation within the film material. 
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Fig. 4 A is a partial cutaway perspective view of an inflated driver side airbag made 
from plastic film using a blow molding process. 

Fig. 4B is a partial cutaway perspective view of an inflated driver side airbag made 
from plastic film using a blow molding process so that the airbag design has been partially 
5 optimized using finite element airbag model where the wrinkles have been eliminated and 
where the stresses within the film are more uniform. 

Fig. 4C is a cutaway view of an inflated driver side airbag made from plastic film 
showing a method of decreasing the ratio of thickness to effective diameter. 

Fig. 4D is a view of a driver side airbag of Fig. 4C as viewed along line 4D-4D. 

10 Fi S- 5 >s a partial cutaway perspective view of a passenger side airbag made from 

plastic film. 

Fig. 6 is a perspective view with portions cut away of a vehicle showing the knee 
bolster airbag in an inflated condition mounted to provide protection for a driver. 

Fig. 7 is a perspective view of an airbag and inflator system where the airbag is 
1 5 formed from tubes. 

Fig. 8 is a perspective view with portions removed of a vehicle having several 
deployed film airbags. 

Fig. 9 is a view of another preferred embodiment of the invention shown mounted in 
a manner to provide protection for a front and a rear seat occupant in side impact collisions 
20 and to provide protection against impacts to the roo f support pillars in angular frontal 
impacts. 

Fig. 9A is a view of the side airbag of Fig. 9 of the side airbag with the airbag 
removed from the vehicle. 

Fig. 10 is a partial view of the interior driver area of a vehicle showing a self- 
25 contained airbag module containing the film airbag of this invention in combination with a 
stored gas inflator. 

Fig. 11 is a view looking toward the rear of the airbag module of Fig. 10 with the 
vehicle removed taken at 1 1-1 1 of Fig. 10. 

Fig. 1 1 A is a cross sectional view of the airbag module of Fig. 1 1 taken at 1 1 A-l 1 A. 
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Fig. 1 IB is a cross sectional view, with portions cutaway and removed, of the airbag 
module of Fig. 1 1 taken at 1 1B-1 IB. 

Fig. 1 1C is a cross sectional view of the airbag module of Fig. 1 1 taken at 1 1C-1 1C. 
Fig. 1 ID is a cross sectional view of the airbag module of Fig. 1 1A taken at 1 1D- 

5 11D. 

Fig. 12 is a perspective view of another preferred embodiment of the invention 
shown mounted in a manner to provide protection for a front and a rear seat occupant in 
side impact collisions, to provide protection against impacts to the roof support pillars in 
angular frontal impacts and to offer some additional protection against ejection of the 
10 occupant or portions of the occupant. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A fundamental problem with the use of plastic films for airbags is that when a single 
conventional plastic film is used and a tear is introduced into the film, the tear propagates 
easily and the airbag fails catastrophically upon deployment. As noted above, this invention 
is concerned with various methods of eliminating this problem and thus of permitting the 
use of films for airbags with the resulting substantial cost and space savings as well as a 
significant reduction in injuries to occupants. The reduction in occupant injury arises from 
the fact that the film is much lighter than the fabric in a conventional airbag and it is the 
mass of the airbag' traveling at a high velocity which typically injures the out-of-position 
occupant. Also, since the airbag is considerably smaller than conventional airbags, the 
module is also smaller and the total force exerted on the occupant by the opening of the 
deployment door is also smaller further reducing the injuries to severely out-of-position 
occupants caused by the initial stages of the airbag deployment. Finally, in some preferred 
implementations of this invention the airbag is mounted onto the ceiling of the vehicle 
making it very difficult for an occupant to get into a position as to be injured by the opening 
of the deployment door. Ceiling mounting of conventional fabric airbags is not practical 
due their excessive size. Ceiling mounting of full protection film airbags, on the other hand, 
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is practical based on the use of the materials and particularly the reinforcements disclosed 
here. 

One method of solving the tear problem is to use two film airbags or two airbag 
layers, one inside the other, where the airbags or layers are attached to each other with an 
adhesive which is strong enough to hold the two airbags or layers closely together but not 
sufficiently strong to permit a tear in one airbag or layer to propagate to the other. If a tear 
is initiated in the outer airbag or layer, for example, and the material cannot support 
significant tensile stresses in the material close to the tear, the inner airbag or layer must 
accommodate the increased tensile stress until it can be transferred to the outer layer at 
some distance from the tear. If the tear is caused by a small hole, this increased stress in the 
inner bag may only occur for a few hole diameters away from the hole. If the inner airbag is 
also made from a thermoplastic elastomer and the outer airbag layer is made from a less 
elastic material, the outer material can cause the airbag to take on a particular desired shape 
and the inner airbag is used to provide the tear resistance. 

The problem which arises with this system when both film layers have high elastic 
moduli and the cause of the tear in one airbag also causes a tear in the second airbag is 
solved if one of the materials used for the two airbags has a low modulus of elasticity, such 
a thermoplastic elastomer. In this case, even though a tear starts in both airbags at the same 
time and place, the tear will not propagate in the thermoplastic elastomer and thus it will 
also be arrested in the high modulus material a short distance from the hole initiation point. 
An example of a two layer airbag construction is illustrated in FIG. 1 which is a perspective 
view with portions cut away and removed of a film airbag made from two layers or sheets 
of plastic film material. 

In FIG. 1, the driver airbag is shown in the inflated condition generally at 100 with 
one film layer 1 10 lying inside a second film layer 120. The film layers 110, 120, or sheets 
of film laminated or otherwise attached together, are non-perforated and are also referred to 
as airbags herein since they constitute the same. FIG. 1A is an enlarged view of the material 
of the inner layer 110 and outer layer 120 taken within circle 1A of FIG. 1. When 
manufactured, the film of the inner layer may be made from a thermoplastic elastomer such 
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as polyurethane, for example, as shown in FIG 1 A, and the outer layer may be made from a 
more rigid material such as nylon or polyester. The two film layers are held together along 
their adjacent regions by adhesive means such as an adhesive 130 applied in a manner 
sufficient to provide adherence of the two film layers together. In FIG. 1 a driver side 
5 airbag is illustrated where the bag is formed from two flat pieces of material and a center 
cylindrical piece 140 all of which are joined together using heat sealing with appropriate 
reinforcement at the heat sealed joints. Heat sealing entails the application of heat to one or 
both of the surfaces to be joined. In most implementations, the center cylindrical piece 140 
is not required as taught in co-pending patent application Serial No. 08/539,676 cross- 

1 0 referenced above. 

The example of FIG. 1 is meant to be illustrative of a general technique to minimize 
the propagation of tears in a composite film airbag. In an actual airbag construction, the 
process can be repeated several times to create a composite airbag composed of several 
layers, each adjacent pair of layers optionally joined together with adhesives. For the 

1 S purposes of this disclosure, the term "composite airbag" will mean a film airbag composed 
of two or more layers which may or may not be joined together including cases where the 
layers are joined during an extrusion processing step such as in coextrusion, by a casting 
process, progressive coating process, or where a film layer is combined with another 
reinforcing material such as fibers or a woven or molded net. 

20 The materials used for the various film layers can be the same or different and are 

generally made from nylon, polyethylene or polyester, for the high modulus component and 
from polyurethane, polyester elastomer such as HYTREL™ or other thermoplastic 
elastomers for the low modulus component, although other materials could also be used. 
The use of different materials for the different layers has the advantage that tear propagation 

25 and strength properties can complement each other. For example, a material which is very 
strong but tears easily can be used in conjunction with a weaker material which requires a 
greater elongation before the tear propagates. Alternately, for those cases where self 
shaping is not necessary, all layers can be made from thermoplastic elastomers which 
expand upon inflation and do not maintain any set shape. 
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In the implementation of FIG. 1, the adhesive 130 has been applied in a uniform 
coating between the film layers. In some cases, it is preferable to place the adhesive in a 
pattern so as to permit a tear to propagate a small distance before the stress is transferred 
between layers. This permits the stress concentration points to move a small distance away 
from each other in the two films and further reduces the chance that a catastrophic failure 
will result. Thus, by selecting the pattern of the application of the adhesive and/or the 
location(s) of application of the adhesive, it is possible to control the propagation of a tear 
in the composite airbag. 

FIG. IB illustrates an alternate configuration of a composite airbag where the 
outermost airbag has been replaced by a net 121. There may be additional film layers 
beneath the layer 1 10 in this embodiment. A "net" is defined for the purposes of this 
application as an interlaced or intercrossed network of material, e.g., strips of material 
which cross one another. The interlacing may be generated, e.g., by weaving discrete 
elongate strips of material together or by molding, casting, progressive coating or a similar 
i process in which case the material is molded into the network to provide an intercrossed 
structure upon formation. Additionally, the net may be formed integrally with the film 
material in which case it appears as a substantial change in material thickness from the net 
and film portions of the material to the only film portions of the material. The strips of 
material may be joined at the intersection points in the event that discrete material strips are 
woven together. In the illustrated embodiment, the material strips which constitute the net 
are oriented in two directions perpendicular to one another. However, it is within the scope 
of the invention to have a net comprising material strips oriented in two, non-perpendicular 
directions (at an angle to one another though) or three or more directions so long as the 
material strips are interlaced with each other to form the net. Additionally, the net pattern 
can vary from one portion of the airbag to another with the particular location and 
orientation determined by analysis to minimize stress concentrations, eliminate wrinkles and 
folds, or for some other purpose. Also, it is understood that the net has openings 
surrounded by material having a thickness and width substantially smaller than the openings. 
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The net 121 may be an integral pan of the airbag 110 or it can be attached by an 
adhesive 130, or by another method such as heat sealing, to the inner airbag 1 10 or it can be 
left unattached to the inner airbag 1 10 but nevertheless attached to the housing of the airbag 
system. In this case, the stress in the inner airbag 1 10 is transferred to the net 121 which is 
5 designed to carry the main stress of the composite airbag and the film is used mainly to seal 
and prevent the gas from escaping. Since there is very little stress in the inner film layer 
1 10, a tear will in general not propagate at all unless there is a failure in the net structure. 
The net 121 in this illustration has a mesh structure with approximately square openings of 
about .25 inches. Naturally this dimension will vary from design to design. The adhesive 
10 also serves the useful purpose of minimizing the chance that the net 12 1 will snag buttons or 
other objects which may be worn by an occupant. The design illustrated in Fig. IB shows 
the net on the outside of the film. Alternately, the net may be in the inside, internal to the 
film layer 110, especially if it is created by variations in thickness of one continuous 
material. 

15 In one embodiment, the net 121 is attached to the housing of the airbag 110 and is 

designed to enclose a smaller volume than the volume of the airbag 110. In this manner, the 
airbag will be restrained by the net 121 against expansion beyond the volumetric capacity of 
the net 121. In this way, stresses are minimized in the film permitting very thin films to be 
used, and moreover, a film having a higher elastic modulus can be used. 

20 -Many other variations are possible. In one alternative embodiment, for example, the 

net 121 is placed between two layers of film so that the outer surface of the composite 
airbag is smooth, i.e., since the film layer is generally smooth. In another embodiment 
shown in FIG. 1C, fibers 122 of an elastomer or other suitable material, are randomly 
placed and sealed between two film layers 110,120 (possibly in conjunction with the 

25 adhesive). In this illustrated embodiment, the fibers 122 act to prevent the propagation of 
tears in much the same manner as a net. The net 121 may also be constructed from fibers. 

The driver airbag 100 of FIG. 1 is shown mounted on a vehicle by conventional 
mounting means (not shown) in the driver side position and inflated in FIG. ID. 
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It is understood that the airbag 100 is arranged prior to deployment in a module or 
more specifically in a housing of the module and further that the interior of the airbag is 
adapted to be in fluid communication with inflation means for inflating the airbag, e.g., gas 
generation means. Thus, the inflation means are coupled in some manner to the housing. 
5 Also, the module includes initiation means for initiating the gas generation means in 
response to a crash of the vehicle. This structure is for the most part not shown in the 
drawings but is included in connection with all of the airbag concepts disclosed herein. 

An airbag made from plastic film is illustrated in Fig. 2 which is a partial cutaway 
perspective view of a driver side airbag 200 made from film. This film airbag 200 is 
10 constructed from two flat disks or sheets of film material 210 and 212 which are sealed 
together by heat welding or an adhesive to form a seam 220. A hole 250 is provided in one 
of the disks 212 for attachment to an inflator (not shown). This hole 250 is reinforced with 
a ring of plastic material 260 and holes 252 are provided in this ring 260 for attachment to 
the inflator. A vent hole 230 is also provided in the disk 212 and it is surrounded by a 
15 reinforcing plastic disk 231. Since this airbag is formed from flat plastic sheets 210 and 
212, an unequal stress distribution occurs causing the customary wrinkles and folds 222. 

Several different plastic materials are used to make plastic films for balloons as 
discussed in U.S. Patent Nos. 5,188,558, 5,248,275, 5,279,873, and 5,295,892, which are 
incorporated by reference herein. These films are sufficiently inelastic that when two flat 
disks of film are joined together at their circumferences and then inflated, they automatically 
attain a flat ellipsoidal shape. This is the same principle used herein to make a film airbag, 
although the particular film materials chosen are different since the material for an airbag 
has the additional requirement that it cannot fail during deployment when punctured. 

When the distinction is made herein between an "inelastic" film airbag and an elastic 
25 airbag, this difference in properties is manifested in the ability of the untethered elastic 
airbag to respond to the pressure forces by becoming approximately spherical with nearly 
equal thickness and diameter while the inelastic film airbag retains an approximate 
ellipsoidal shape, or other non-spherical shape in accordance with the design of the inelastic 
film airbag, with a significant difference between the thickness and diameter of the airbag. 
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An analysis of the film airbag shown in Fig. 2 shows that the ratio of the thickness to 
the diameter is approximately .6. This ratio can be increased by using films having greater 
elasticity. A completely elastic film, rubber for example, will form an approximate sphere 
when inflated. This ratio can also be either increased or decrease by a variety of geometric 
5 techniques some of which are discussed below. The surprising fact, however, is that 
without resorting to complicated tethering involving stitching, stress concentrations, added 
pieces of reinforcing material, and manufacturing complexity, the airbag made from inelastic 
film automatically provides nearly the desired shape for driver airbags upon deployment 
O e., the roughly circular shape commonly associated with driver side airbags). Note that 
1 0 this airbag still has a less than optimum stress distribution which will be addressed below. 

Although there are many advantages in making the airbag entirely from film, there is 
unfortunately reluctance on the part of the automobile manufacturers to make such a change 
in airbag design until the reliability of film airbags can be satisfactorily demonstrated. To 
bridge this gap, an interim design using a lamination of film and fabric is desirable. Such a 
design is illustrated in Fig. 3 A which is a partial cutaway perspective view of a driver side 
airbag made from film 316 laminated with fabric 314 to produce a hybrid airbag 300. The 
remaining reference numbers represent similar parts as in Fig. 2. In all other aspects, the 
hybrid airbag acts as a film airbag. The inelastic nature of the film 316 causes this hybrid 
airbag 300 to form the proper shape for a driver airbag. The fabric 3 14, on the other hand, 
presents the appearance of a conventional airbag when viewed from the outside. Aside 
from the lamination process, the fabric 314 may be attached to the film 316 directly by 
suitable adhesives, such that there are only two material layers, or by heat sealing or any 
other convenient attachment and bonding method. 

Analysis, as disclosed in the above referenced patent application Serial No. 
08/247,763, has shown that a net is much stronger per unit weight than a fabric for resisting 
tears. This is illustrated in Fig. 3B which is a partial cutaway perspective view of a driver 
side airbag 200 made from film 212 and a net 3 16, which is preferably laminated to the film 
or formed from the same material as the film and is integral with it, to produce a hybrid 
airbag. The analysis of this system is presented in the above-referenced patent application 
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which is included herein by reference and therefore will not be reproduced here. The 
reference numerals designating the element in Fig. 3B correspond to the same elements as in 
Fig. 3 A. 

For axisymmetric airbag designs such as shown in Figs. 3A-3D, a more efficient 
reinforcement geometry is to place the reinforcements in a pattern of rings 3 18 and ribs 320 
(Fig. 3C). A cross-sectional view of the material taken along line 3D-3D in Fig. 3C is 
shown in Fig. 3D. In this case, the reinforcement has been made by a progressive coating 
process from a thermoplastic elastomeric material such a polyurethane. In this case, the 
reinforcing rings and ribs 318,320 are many times thicker than the spanning thin film 
portions 319 and the reinforcing ribs 320 have a variable spacing from complete contact at 
the center or polar region to several centimeters at the equator. The reinforcements may 
comprise the laminated net as discussed above. 

In this regard, it should be stated that plastic manufacturing equipment exists today 
which is capable of performing this progressive coating process, i.e., forming a multi-layer 
plastic sheet (also referred to as a material sheet) from a plurality of different plastic layers. 
One such method is to provide a mold having the inverse form of the predetermined pattern 
and apply the specific plastic materials in individual layers into the mold, all but the initial 
layer being applied onto a preexisting layer. The mold has depressions having a depth 
deeper than a remaining portions of the mold which will constitute the thicker regions, the 
thinner portions of the mold constituting the spanning regions between the thicker regions. 
Also, it is possible and desirable to apply a larger amount of the thermoplastic elastomer in 
the depressions in the mold so that the thicker regions will provide a reinforcement effect. 
In certain situations, it is foreseeable that only the thermoplastic elastomer can be coated 
into the depressions whereas a plastic material which will form an inelastic film layer is 
coated onto the spanning regions between the depressions as weU as in the depressions in 
order to obtain an integral bond to the thermoplastic elastomer. The mold can have the 
form of the polar symmetric pattern shown in Fig. 3C. The film airbag designs illustrated 
thus far were constructed from flat plastic sheets which have been sealed by heat welding, 
adhesive, or otherwise. An alternate method to fabricate an airbag is to use a molding 
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process to form an airbag 400 as illustrated in Fig. 4A which is a partial cutaway 
perspective view of a driver side airbag made from film using blow molding (a known 
manufacturing process). Blow molding permits some thickness variation to be designed 
into the product, as does casting and progressive coating methods molding (other known 
5 manufacturing processes). In particular, a thicker annular zone 420 is provided on the 
circumference of the airbag 400 to give additional rigidity to the airbag in this area. 
Additionally, the material surrounding the inflator attachment hole 450 has been made 
thicker removing the necessity for a separate reinforcement ring of material. Holes 452 are 
again provided, usually through a secondary operation, for attachment of the airbag 400 to 
10 the inflator. 

The vent hole 430 is formed by a secondary process and reinforced, or, alternately, 
provision is made in the inflator for the gases to exhaust therethrough, thereby removing the 
need for the hole 430 in the bag material itself. Since this design has not been stress 
optimized, the customary wrinkles and folds 422 also appear. 

15 One advantage of the use of the blow molding process to manufacture airbags is that 

the airbag need not be made from flat sheets. Through careful analysis, using a finite 
element program for example, the airbag can be designed to substantially eliminate the 
wrinkles and folds seen in the earlier implementations. Such a design is illustrated in Fig. 
4B which is a partial cutaway perspective view of a driver side airbag made from film using 

20 a blow molding process where the airbag design has been partially optimized using a finite 
element airbag model. This design has a further advantage in that the stresses in the 
material are now more uniform permitting the airbag to be manufactured from thinner 
material. 

In some vehicles, and where the decision has been made not to impact the driver 
25 with the airbag (for example if a hybrid airbag is used), the inflated airbag comes too close 
to the driver if the ratio of thickness to diameter is .6. In these applications, it is necessary 
to decrease this ratio to .5 or less. For this ratio, thickness means the dimension of the 
inflated airbag measured coaxial with the steering column, assuming the airbag is mounted 
in connection with the steering column, and diameter, or average or effective diameter, is 
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the average diameter measured in a plane perpendicular to the thickness. This ratio can be 
obtained without resorting to tethers in the design as illustrated in Fig. 4C which is a side 
view of a driver side airbag made from film where the ratio of thickness to effective 
diameter decreases. Fig. 4D is a view of the airbag of Fig. 4C taken along line 4D-4D. 
5 This airbag 400 is manufactured from two sheets of material 410 and 412 which are joined 
together by sealing means to form seal 420. Inflator attachment hole 450 is reinforced with 
a ring of plastic material 460 as described above. Many circumferential geometries can be 
used to accomplish this reduction in thickness to diameter ratio, or even to increase this 
ratio if desired. The case illustrated in Fig. 4C and Fig. 4D is one preferred example of the 
10 use of a finite element design method for an airbag. 

The discussion above has been limited for the most part to the driver side airbag 
which is attached to the vehicle steering wheel or otherwise arranged in connection 
therewith. This technology is also applicable to a passenger side airbag, which is generally 
attached to the instrument panel, as illustrated in Fig. 5 which is a partial cutaway 
15 perspective view of a passenger side airbag 500 made from three pieces of flat film 5 10, 512 
and 514 which have joined seams 520 between adjacent pieces of film 510, 512, 514. ' The 
passenger side airbag, as well as rear seat airbags and side impact airbags, generally have a 
different shape than the driver side airbag but the same inventive aspects described above 
with respect to the driver side airbag could also be used in connection with passenger side 
0 airbags, rear seat airbags and side impact airbags. Although illustrated as being constructed 
from a plurality of sheets of plastic film, this airbag can also be made by blow molding or 
other similar molding process, i.e., as one unitary sheet. Also, for many vehicles, the sheet 
. 512 is unnecessary and will not be used thereby permitting the airbag to once again be 
rnanufactured from only two flat sheets. The inflator attachment hole 550 is now typically 
5 rectangular in shape and is reinforced by a rectangular reinforcement plastic ring 560 having 
inflator mounting holes 552. A vent hole 530 is also provided to vent gases from the 
deploying airbag 500. 

In HG. 6, a knee protection airbag for the front driver is shown generally at 600. 
Since the airbag fills the entire space between the knee and the instrument panel and since 
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the instrument panel is now located at a substantial distance from the occupant's knees, 
there is substantially more deflection or stroke provided for absorbing the energy of the 
occupant. Since the distance of deployment of the knee airbag can be designed large 
enough to be limited only by the interaction with an occupant or some other object, the 
5 knee airbag can be designed so that it will inflate until it fills the void below the upper 
airbag, not illustrated in this figure. The knee protection airbag 600 can take the form of any 
of the composite airbag disclosed above, e.g., include a plastic film layer and an overlying 
net, or two or more plastic film layers, at least one inelastic to provide the shape of the knee 
bolster and at least one elastic to control the propagation of a tear. 

10 As an alternate to providing a fixed vent hole as illustrated in the previous examples, 

a variable vent hole can be provided as shown in the above referenced copending patent 
application Serial No. 08/626,493 filed April 2, 1996 and particularly Figs. 7 and 7 A thereof 
which are included herein by reference. Alternately this variable vent function can be 
incorporated within the inflator as illustrated in copending U.S. Patent application serial 

1 5 number 08/57 1 ,247 filed December 1 2, 1 995 . 

In a conventional airbag module, when the inflator is initiated, gas pressure begins to 
rise in the airbag which begins to press on the deployment door. When sufficient force is 
present, the door breaks open along certain well-defined weakened seams permitting the 
airbag to emerge from its compartment. The pressure in the airbag when the door opens, 

20 about 10 to20 psi, is appropriate for propelling the airbag outward toward the occupant, 
the velocity of which is limited by the mass of the airbag. In the case of a film airbag, this 
mass is substantially less, perhaps by as much as a factor of ten, causing it to deploy at a 
much higher velocity if subjected to these high pressures. This will place unnecessary 
stresses in the material and the rapid movement of the airbag past the deployment door 

25 could induce abrasion and tearing of the film by the deployment door. A film airbag, 
therefore, must be deployed at a substantially lower pressure. However, conventional 
deployment doors require this higher pressure to open. This problem is discussed in detail 
in the above referenced co-pending patent applications where, in one implementation, a 



32 



SDOCID: <GB__2323340A L> 



pyrotechnic system is used ,o cu, open the d„ or according t0 teachjl)gs rffl- 
•1. paten, (U.S. Patent No. 5,390,950). 

One method of forming a film airbag is illustrated generally at 700 in FIG 7 In this 
notation, the airbag is formed from two flat sheets of film materia! 7,0,712 which 
have been hea, or adhesive sealed a, Joints 731 to form long tubular shaped rnini-airbags in 
much me same way ma. an air mattress is formed. In FIG. 7, a sing,, ,ayer of mmi-airbags 
720 ,s shown, m other indentations, two or more ,ayers would be used. Also, ahhough 
a tubular pattern has been illustrated, other patterns are also possible such as concentric 
crc.es, waffle-shaped or one made from rectang.es. or one made from , combination of 
10 these geometries or others. 

Kg. 8 is a perspective view with portions removed of a vehicle having severd 
deploy* film airbag, Specifically, a single film airbag having several sections spans me left 
stde of the vrtide and is dep,oyed downward before being filled so th* „ fits between the 
front sea, and th, vehicle side upon inflation (an airbag spanning th, right side of the vehicle 
15 c» of course be provided). Ms provides subs*ntial support for the airbag and betas 
prevem the occupant from being ejected from the vehide even when th. side window glass 
has broken. A system which also purports to prevem ejection is disclosed in Bark (U S 
P*«« No, 5,322,322 and 5.480.U,). The Bark system uses a sman diameter tumdar 
antag stretching diagonal* across the door window. Such a device ladcs the energy 
0 abating advantages of an airbag since it does no. have an «haust vent. In *«, the device 
can act as a spring and can cause the head of the occupant to rebound and actually 
expenence a higher velocity change man that of m. vehicle. This «m cause severe neck 
■njury in high velocfty crashes. I, also is designed to protect primarily the head of the 
oc^pam, offering u. protection for the o<her body parts. In contrast to the comptetelv 
sealed airbag ofBarl, the film airbag of the present invention has energy absorbing vems 
and thus dampens th. motion of the occupants head and other body parts upon impact with 
the film orba* „ covers the entire vehicle opening and receives support from the vehicle 
amcrure. In contrast to tit. Bark tube, this support does no, require complied mounting 
apparatus going around the vehicle door and down me A-pillar but is only mounted to the 
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ceiling above the side door. Also, by giving support to the entire body and adjusting the 
pressure between the body parts, the airbag of the present invention minimizes the force on 
the neck of the occupant and thus minimizes neck injuries. 

In Fig. 8, the single side protection airbag for the driver side is illustrated at. A 
5 single front airbag spans the front seat for protection in frontal impacts and is illustrated at 
850 with the ceiling mounted inflator at 860. A single airbag is also used for protection of 
each of the rear seat occupants in frontal impacts and is illustrated at 880. With respect to 
the positioning of the side airbag 800, the airbag 800 is contained within a housing 810 
which is position entirely above the window of the side doors, i.e., no portion of it extends 

10 down the A-pillar or the B-pillar of the vehicle (as in Bark). The side airbag housing 810 
thus includes mounting means (not shown) for mounting it above the window to the ceiling 
of the vehicle and such that it extends across both side doors (when present in a four-door 
vehicle) and thus protects the occupants sitting on that side of the vehicle from impacting 
against the windows in the side doors. To ensure adequate protection for the occupants 

15 from side impacts, as well as frontal impacts which would result in sideward movement of 
the occupants against the side doors, the airbag housing 810 is constructed so that the 
airbag 800 is initially projected in a downward direction from the ceiling prior to inflation 
and extend at least substantially along the entire side of the ceiling. This initial projection 
may be designed as a property of the module 810 which houses the airbag 800, e.g., by 

20 appropriate "construction and design of the module and its components such as the 
dimensioning the module's deployment door and deployment mechanism. Although any 
type of airbag can be used as the side impact protection airbag, one preferred 
implementation is when the airbag comprises first and second attached non-perforated 
sheets of film and tear propagation arresting means arranged in connection with each of the 

25 film sheets for arresting the propagation of a tear therein. The airbag should include venting 
means (e.g., a venting aperture as shown in Figs. 3A and 3B) arranged in connection with 
the airbag for venting the airbag after inflation thereof. In certain embodiments, the airbag 
is arranged to extend at least along a front portion of the ceiling such that the airbag upon 
inflation is interposed between a passenger in the front seat of the vehicle and the 
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Aboard. Fig. 9 is a view iooking toward the rear of the vehicle 0 f the deployed side 
^tectton airbag of Fig . , where b numbm ^ ^ pam fa ^ 

Here he artag ven, is iilustrated as a fixed opemng 805 . Na,ura„y, „«ner vetmngs 1 
poss.b e tncludmg venting mrough ^ ^ „ ^ ^ ^ 
5 copending patent applications. 

Fig. 9A is a view of the side airbao of Fio o .i. 
.. , t 8 01 ** 9 with Ihe airbag removed from the 

vehicle where again like numbers represent like parts. 

Figs ,0. ,1 and I1A-1 ID ilfcstrate the things of to invention appUed in a 
ma™ sunuar to the airbag system of Ohm in U.S. Patent No. 5,322.326. The airbag of 
me Ohm paten, ,s a sm*, limited protection system designed for the artamarket. It Z a 
smau compressed gas inflator and an unvented thin ahbag which prevems the occpan, 
from conucting wfth the Peering wheel bu, a* as a spring causing the occupams head «, 
refund from the airbag whh a high velochy. Tne system of Fig . 10 ^ 
performance of and great* simplifies the Ohm design by incorporating the sensor and 
compressed gas inflator im„ the same mounting assembly which contains the airbag The 
system is illustrated generally a. 900 in Fig. ,0 where the mounting of the system in the 
vehicle is similar to that of Ohm. 

In Fig. 1 1 the module assembly is iliustrated from a view iooking toward the rear of 
»e arbag module of Fig. ,0 wrth the vehicle removed, token a, 1,-n of Rg 10 The 

900 incorporates a mounting plate 90,, . high pr ,ssure ^ 
consuruting an inflator 9.0 and conuining endcaps 91 1 which are fllustrued here as having 
a^ spherical sur^ce bu, may aUo be made from flat circular plates, me mounting 
*. 501 is attached to the vehicle using screws, no, uiustiated, through mounting holes 
921. An amnngpm 985 is illustrated and is used as described below 

Fig. 1 1 A is a cross section view of the airt»g module of Kg. 1 1 taken at 1 1 A-l 1 A 
and utastra.es the infla,or initiation sysfcm of this invemion. The inflator 9.0 is ulustrated 
«. . Jhndrica, tube, although otiter cross section shapes can be used, whiO comains a bote 

900 therein into which is welded bv weld on* a „ 

emea oy weJd 903 an initiation assembly 950. This assembly 950 

nas a rupture disk 95 1 welded into one end i»m-i. *n « - 

° ne end wluch now be described in more detail. A 
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rupture pin 954 is positioned adjacent rupture disk 951 which will be propelled to impact 
the rupture disk in the event of an accident as described below. When disk 95 1 is impacted 
by pin 954 it fails opening essentially all of the orifice covered by disk 951 permitting the 
high pressure gas which is in inflator tube 910 to flow out of the tube into cavity 956 of 
5 initiator assembly 950 and then through holes 958 into cavity 960. Cavity 960 is sealed by 
the airbag 930 which now deploys due to the pressure from the gas in cavity 960. 

When the vehicle experiences a crash of sufficient severity to require deployment of 
the airbag 930, sensing mass 962, shown in phantom, begins moving to the left in the 
drawing toward the front of the vehicle. Sensing mass 962 is attached to shaft 964 which in 

1 0 turn is attached to D-shaft 966. As mass 962 moves toward the front of the vehicle, D- 
shaft 966 is caused to rotate. Firing pin 970 is held and prevented from moving by edge 
967 of D-shaft 966. However, when D-shaft 966 rotates sufficiently, edge 967 rotates out 
of the path of firing pin 970 which is then propelled by spring 972 causing the firing pin 
point 973 to impact with primer 974 causing primer 974 to produce high pressure gas which 

15 propels pin 954 to impact disk 951 releasing the gas from inflator tube 910 inflating the 
airbag as described above. This sensor, D-shaft and primer mechanism is similar to 
mechanisms disclosed in copending patent application serial number 08/101,017, filed 
September 16, 1993 which is included herein by reference and therefore will not be 
described in more detail here. 

20 Fig. 1 IB is a cross section view, with portions cutaway and removed, of the airbag 

module of Fig. 11 taken at 11B-11B and illustrates the arming pin 985 which is removed 
after the module is mounted onto the vehicle. If the module were to be dropped 
accidentally without this arming pin 985, the sensor could interpret the acceleration from an 
impact with the floor, for example, as if it were a crash and deploy the airbag. The arming 

25 system prevents this from happening by preventing the sensing mass from rotating until the 
pin 985 is removed. 

Fig. 12 is a perspective view of another preferred embodiment of the airbag of this 
invention 1 000 shown mounted in a manner to provide protection for a front and a rear seat 
occupant in side impact collisions and to provide protection against impacts to the roof 
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support pilars « angular froMaI tapacts ^ to ^ ^ , _ 

ejection of the occupant. 

There has thus been shown and described an airbag system wnh a film airbag 
utihang , which comprises a. ,east one layer of a thermoplastic elastomer fflm 

5 matenal wh,ch (ulffls an the objects and advantages sough, after. Many changes 
modulcations, variations and other uses and apphcations of the subject invention win," 
however, become apparem to those skilled in the ar, after considering tins specification and 
the accompanying drawings which disclose 4c preferred embodiments thereof All such 
changes, modifications, variations and other uses and apptations which do not depart from 
.0 the spin, and scope of the invention are deemed ,„ be cov** by the invention which is 
hm»ed oniy by the flowing ctaims . For „ ^ ^ 

numerous differ*,, airbag constructions as well as different methods for ftbricating airbags 
and different applications of the resulting airbags. It is within the scope of the invention 
*a, all of me disclosed airbags can, for th, most m b e made by any of the methods 
15 drsclosed herein. Thus, in one typical process for constructing a fflm airbag having a, leas, 
two compartments, eitner Elated from OM ^ ^ ^ ^ fa ^ 

communication with each other, a, leas, one flat panel of film airbag material is provided 
and then manipulated, processed or worked to form the different compartments More 
particularly, the flat pand is joined at appropriate locations to form the differ 
•0_ compass, e g., by hea, seaUng or an adhesive. The compartmems may be any shape 
disclosed herein, e.g., tubular-shaped. 

WW. respect to me construction of the airbag as shown in Figs. 3C and 3D, another 
memod of obtiuning the airbag whh , variable thickness is to provide an initial, substantially 
untformly Aide film substrate (inelastic film) and thereafter applying a coating (a 
. thermopile Corner) thereon in predetermine location, „„ the subsrme, preferably in 
an organic prede,ermined pattern, such tha, i, is po^,, to ^ thicker „ 

comparison to other uncoated portions In thi* m 9 „™ r «t 

^ s - 111 ltas manner, the film airbag can be provided 

with distinct thicknesses at different ]nr*tin n * * „ *u- i 

querent locations, e.g., thicker portions which constitute rings 

and nbs (i.e., the polar symmetric pattern of Fie 30 or «♦ •« , 

" r r,e - or °nly at specific locations where it 
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is determined that higher stresses arise during deployment for which reinforcements by 
means of the thicker film is desired. An alternative fabrication method would be to produce 
the airbag from thermoplastic elastomeric material with an initial varying thickness as well 
as a layer of inelastic film to provide the airbag with the desired shape. In this regard, 
S plastic manufacturing equipment currently exists to generate a plastic sheet with a variable 
thickness. Such equipment could be operated to provide an airbag having thicker portions 
arranged in rings and ribs as shown in Fig. 3C. 
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CLAIMS: 
I Claim: 

1. In a vehicle having an inflatable occupant protection system, an inflatable 
occupant restraint module comprising: 

a housing mounted in the vehicle and having an interior, 

a deployable airbag contained within said housing interior prior to deployment, said 
airbag comprising at least one non-perforated sheet of film defining an airbag 
interior and tear propagation arresting means arranged in connection with 
said at least one film sheet for arresting the propagation of a tear in said at 
least one film sheet, said tear propagation arresting means comprising a 
thermoplastic elastomeric material arranged at specific locations such that 
said locations are thicker in comparison to an average thickness of said at 
least one film sheet, 

inflation means coupled to said housing for inflating said airbag, said inflation means 
comprising gas supply means for supplying a gas into the airbag interior defined by said at 
least one sheet of film; 

attachment means for attaching said airbag to and in fluid communication with said 
inflation means; and 

initiation means for initiating said gas supply means to supply the gas into the airbag 
20 interior in response to a crash of the vehicle. 

2. The module in accordance with claim 1, wherein said thermoplastic 
elastomeric material is arranged in a predetermined pattern. 

25 3. The module in accordance with claim 2, wherein said at least one film sheet 

comprises first and second substantially circular film sheets attached to one another to 
define the airbag interior between said first and second film sheets, said pattern comprising 
circular rings coaxial with a central axis of said first and second film sheets and ribs 
arranged to intersect said rings at an angle of about 90 degrees. 
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4. The module in accordance with claim 1, wherein said thermoplastic 
elastomer is polyurethane. 

5 . A method for protecting an occupant in a crash by means of an inflatable 
restraint while reducing the possibility of inadequate protection, comprising the steps of: 

arranging an inflatable airbag comprising at least one sheet of film in a housing, 
arranging in connection with said at least one film sheet a thermoplastic elastomeric 
material at specific locations such that said locations are thicker in comparison to an 
average thickness of said at least one film sheet, 

selecting said locations at which the thermoplastic elastomeric material is arranged 
in connection with said at least one film sheet in view of considerations of stress on said at 
least one film sheet during deployment of said airbag, and 

initiating gas supply means to supply the gas into an interior of said airbag in 
response to a crash of the vehicle. 

6. The method of claim 5, wherein the thermoplastic elastomeric material is 
incorporated in a predetermined pattern in connection with said at least one film sheet. 

20 7. The method of claim 6, wherein said at least one film sheet comprises first 

and second substantially circular film sheets attached to one another to define the airbag 
interior between said first and second film sheets, said pattern comprising circular rings 
coaxial with a central axis of said first and second film sheets and ribs arranged to intersect 
said rings at an angle of about 90 degrees. 

25 

8. In a vehicle having an inflatable occupant protection system, an inflatable 
occupant restraint module comprising: 

a housing mounted in the vehicle and having an interior; 
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a deployable airbag contained within said housing interior prior to deployment, said 
airbag comprising first and second attached material sheets, each of said first 
and second sheets comprising at least one layer of non-perforated inelastic 
film substantially coextensive with said sheet and thermoplastic elastomeric 
material arranged in connection with said at least one layer of inelastic film 
and extending over at least a portion of said sheet, said thermoplastic 
elastomer constituting tear propagation arresting means for arresting the 
propagation of a tear in said at least one layer of inelastic film, 
inflation means coupled to said housing for inflating said airbag, said inflation means 
compnsmg gas supply means for supplying a gas into an interior of said airbag defined 
between said first and second sheets; 

attachment means for attaching said airbag to and in fluid communication with said 

inflation means; and 

initiation means for initiating said gas supply means to supply the gas into the 
1 5 interior of said airbag in response to a crash of the vehicle. 

9. The module in accordance with claim 8, wherein the thermoplastic 
elastomeric material is arranged only in specific locations of said first and second sheets 
such that said locations are thicker in comparison to an average thickness of said first and 
second: sheets, said locations.being selected Jn_ view oflconsiderations of stress on said at 
least one layer of inelastic film during deployment of said airbag. 

10. The module in accordance with claim 8, wherein the thermoplastic 
elastomeric material is arranged in a predetermined pattern. 

11. The module in accordance with claim 10, wherein said first and second 
sheets are substantially circular, said pattern comprising circular rings coaxial with a central 
ax* of saad first and second sheets and ribs arranged to intersect said rings at an angle of 
about 90 degrees. 
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12. The module in accordance with claim 8, wherein the thermoplastic 
elastomeric material is arranged in a layer substantially coextensive with and fixedly adhered 
to said at least one layer of inelastic film. 

5 

13. A method for protecting an occupant in a crash by means of an inflatable 
restraint while reducing the possibility of inadequate protection, comprising the steps of: 

arranging an inflatable airbag comprising first and second attached material sheets in 
a housing, each of said first and second sheets comprising at least one layer of non- 
10 perforated inelastic film substantially coextensive with said sheet, 

incorporating an elastic material into at least a portion of said first and second 
sheets, said elastic material being connected to said at least one layer of inelastic film and 
arresting the propagation of a tear in said at least one layer of inelastic film, and 

initiating gas supply means to supply the gas into an interior of said airbag defined 
1 5 between said first and second material sheets in response to a crash of the vehicle. 

14. The method in accordance with claim 13, further comprising the step of 
selecting the portion of said first and second sheets into which the thermoplastic elastomeric 
material is incorporated in view of considerations of stress on said at least one inelastic film 

20 layer during deployment of said airbag 

15. The method in accordance with claim 13, wherein the thermoplastic 
elastomeric material is incorporated in a predetermined pattern into said first and second 
sheets. 

25 

16. The method in accordance with claim 15, wherein said first and second 
sheets are substantially circular, said pattern comprising circular rings coaxial with a central 
axis of said first and second sheets and ribs arranged to intersect said rings at an angle of 
about 90 degrees. 
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17. In a vehicle having a ceiling extending across a passenger compartment 
above windows of the vehicle and an inflatable occupant protection system, an inflatable 
occupant restraint module comprising: 

a housing mounted in the vehicle on a side of said ceiling along a lateral side of the 
vehicle, said housing having an interior, 

a deployable airbag contained within said housing interior prior to deployment, said 
airbag being mounted entirely above the windows of the vehicle and structured and 
arranged to deploy in a downward direction from said ceiling and extending at least ' 
substantially along the entire side of said ceiling, 

inflation means coupled to said housing for inflating said airbag, said inflation means 
comprising gas supply means for supplying a gas into an interior of said airbag; 

attachment means for attaching said airbag to and in fluid communication with said 
inflation means; and 

initiation means for initiating said gas supply means to supply the gas into the 
interior of said airbag in response to a crash of the vehicle. 

18. The module in accordance with claim 17, wherein said airbag comprises first 
and second attached non-perforated sheets of film and tear propagation arresting means 
arranged in connection with each of said first and second film sheets for arresting the 
propagation of a tear in said first and second film sheets. 

19. The module in accordance with claim 18, wherein said tear propagation 
arresting means comprise a thermoplastic elastomeric material arranged at specific locations 
such that said locations are thicker in comparison to an average thickness of said first and 
second film sheets, said locations being selected in view of considerations of stress on said 
first and second film sheets during deployment of said airbag. 
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20. The module in accordance with claim 19, wherein the thermoplastic 
elastomeric material is arranged in a predetermined pattern. 

21. The module in accordance with claim 20, wherein said first and second film 
5 sheets are substantially circular, said pattern comprising circular rings coaxial with a central 

axis of said first and second film sheets and ribs arranged to intersect said rings at an angle 
of about 90 degrees. 

22. The module in accordance with claim 17, wherein said airbag comprises first 
10 and second attached material sheets, each of said first and second sheets comprising at least 

one layer of non-perforated inelastic film substantially coextensive with said sheet and 
thermoplastic elastomeric material arranged in connection with said at least one layer of 
inelastic film and extending over at least a portion of said sheet, said thermoplastic 
elastomer constituting tear propagation arresting means for arresting the propagation of a 
1 S tear in said at least one layer of inelastic film. 

23. The module in accordance with claim 22, wherein the thermoplastic 
elastomeric material is arranged only in specific locations of said first and second sheets 
such that said locations are thicker in comparison to an average thickness of said first and 

20 second sheets, said locations being selected in view of considerations of stress on said at 
least one layer of inelastic film during deployment of said airbag. 

24. The module in accordance with claim 22, wherein the thermoplastic 
elastomeric material is arranged in a predetermined pattern. 

25 

25. The module in accordance with claim 24, wherein said first and second 
sheets are substantially circular, said pattern comprising circular rings coaxial with a central 
axis of said first and second sheets and ribs arranged to intersect said rings at an angle of 
about 90 degrees. 
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26. n, module „ accordance ^ ^ 22 ^ ^ 

elastic materia, is arranged b . layer ^ ^ 

fixedly adhered to said at least one layer of inelastic film. 

27. The module in accordance with data 1 7, wherein said airbag is arranged to 
extend a, least partiaUy a>ong a front of said ceiling such tha, said airbag upon is 
utterposed between a passenger in the from sea, of the vehicle and a portion of the 

dashboard. 
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